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A#B;?C9<8!

•  D.EFF1!G,-,H<$<-8!.:55:1!$*!I<$<-H#+<!$%<!
:*I<C2!;*HG,-<I!$*!D.EF1!G,-,H<$<-8!#+!5:(!

•  :#88#+4!$-,+8=<-8<!<+<-4>!8#4+,$?-<8!H,@<!#$!
I#B;?C$!$*!-<;*+8$-?;$!<=<+$8(!!

•  :#88#+4!G,-9;C<8!H,>!;*H<!J-*H!K5:!H#L<I!
M#$%!5:!+<?$-#+*(!

•  "<!8$,-$!M#$%!N,I-*+!3*CC#I<-&!!
,1!/+;<-$,#+$>!*J!3:!<+<-4>!,+I!O**8$!,C*+4!$%<!O<,H!
I#-<;9*+!
O1!P<Q>!<+=#-*+H<+$!



D+<!M,>!$*!4*!

•  5$,-9+4!J-*H!;*CC#I<-R-<C,$<I!G,-,H<$<-8&!!
&!.S2!'!1!T!H,88!8G<;$-?H(!

•  59CC!%,-I!$*!H<,8?-<!H,88!8G<;$-?H2!-<U?#-#+4!
$*!I<8#4+!$%<!G-*G<-!$<;%+#U?<8!J*-!6N3!



3*+$<+$8!

•  V+$-*I?;#+4!4C*O,C!=,-#,OC<&!5H#+!
•  W<=#8#+4!H*I<CRI<G<+I<+$!=,-#,OC<!

•  X<+<-,C#Y#+4!$%<!H*I<CRI<G<+I<+$!=,-#,OC<!!

•  5?HH,->!



XC*O,C!=,-#,OC<8!

•  Z%<![-8$!=,-#,OC<!$*!?8<!M#$%!C<88!,88?HG9*+8(!
!!!!!<4E1!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!'-*G*8<I!O>!A,+!Z*=<>!#+!%<GRG%\FFF]^_]!
!!!!!!H*9=,$<I!O>!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!8*!$%,$!!
!!!!!!;,CC<I!,8!:<`!*-!NZ!

!!!!!!<4^1!:ZX<+!H*9=,$<I!O>!:Z^!O>!3(X(!6<8$!<$(,C!

!!!!! !!!PNS'!F_E^&EF^2^FF_!

!!!!!!<4a1!5H#+!



NZ!,+I!:Z4<+!

•  XC*O,C!=,-#,OC<8!?+I<-!,88?HG9*+&!
•  !"#$%&'(')*)+,)!
•  arXiv:0802.2412!

•  Z%<>!+<<I!$*!H,@<!,!G,-99*+!M#$%!=#8#OC<!
G,-9;C<82!J*-!<L,HGC<!?8#+4!%<H#8G%<-<!
H<$%*I!.NZ1!*-!$,@#+4!8H,CC<8$!=,C?<!*?$!*J!,CC!
G*88#OC<!G,-99*+#+4.:ZX<+1!

F. Moortgat and L. Pape, CMS Physics TDR, Vol. II 
Mihoko M. Nojiri et.al arXiv:0802.2412 



5H#+!

•  :*9=,$<I!$*!:#H#;!$%<!$-?<!

!!!!:#+#H#Y<!$%<!G,-$*+RC<=<C!3:!<+<-4>!M#$%!,!
;*+8$-,#+$!J-*H!:SZ&!



5H#+!

•  K<Q<-!#+I#;,$*-!*J!$%<!-<C<=,+$!<+<-4>!8;,C<!
•  Z%<!G<,@!*J!5H#+!!T!8?H!*J!:*$%<-!G,-9;C<8b!
H,882!<=<+!M#$%*?$!-<;*+8$-?;9+4!*Oc<;$8(!



5H#+!

•  '-*OC<H8!&!3*+$,H#+,$<I!O>!?+I<-C>#+4!<=<+$8!

!!!d!I<G<+I<+;>!*+!?+@+*M+!H,88!!
!!.H#88#+4!G,-9;C<81!



V5W\:'V!<`<;$!*+!5H#+!

•  W<,C!<=<+$!;,+!%,=<!V+#9,C!
8$,$<!-,I#,9*+!.V5W12!
H?C9GC<!G,-$*+!
#+$<-,;9*+8!.:'V1!,+I!
G#C<R?G(!

•  VJ!+*$!;*+$-*CC<I2!$%<8<!
<L$-,!;*+$-#O?9*+8!;,+!
#+;-<,8<!5H#+!



W<H*=,C!*J!V5W\:'V!<`<;$!*+!5H#+!

"<!;,+!?8<!*+C>!-<;*+8$-?;$<I!*Oc<;$8(!

D-!M<!;,+!?8<!*+C>!-<C<=,+$!*Oc<;$8!#+!8*H<!
8#4+,C8!C#@<!,8!$ReOd"!



5?O8>8$<H!5H#+!

•  VJ!M<!I#=#I<!*Oc<;$8!#+$*!$M*!;,$<4*-#<8(!

•  "<!;,+!-<H*=<!V5W!<`<;$82!#+$-*I?;#+4!
,+*$%<-!,GGC#;,9*+8(!



5?O8>8$<H!5H#+!

•  N#448!$*!"b8!,+I!^C<G$*+d!^!+<?$-#+*!8>8$<H(!

This application was known as  
mT(true) by Alan J. Barr et.al 
(JHEP 0907:072,2009) 



5?O8>8$<H!5H#+!

•  X:5K!M#$%!8?O8>8$<H!! χ̃0
1 → G̃+ γ



K,;@!$*!5H#+!

•  "<!;,+!-<;*+8$-?;$!H,88!G,-,H<$<-8(!



3*HG,-#8*+!M#$%!*$%<-!=,-#,OC<8!

•  NZ!8?GG*8<!$*!$-,;@!$%<!G<,@2!M%#C<!:Z4<+!%,8!
<+IG*#+$!$*!H<,8?-<!$%<!H,88!8G<;$-?H(!



:*I<CRA<G<+I<+$!=,-#,OC<&:Z^!

•  7!G,#-!*J!8<H#R#+=#8#OC>!I<;,>#+4!G,-9;C<8!

•  VJ!!!!!!!,+I!!!!!!!,-<!*O$,#+,OC<!&!
•  K?$!8#+;<!M<!I*+b$!!4<$!$%<H2!M<!;,+!I*!G,-99*+!f&!

8",#"$;<=%%"$,)>>)
?+$$;8",#"$;<#"6*"',)@A))

  

! 

MW " MT 2 =
! 
q T 1 +

! 
q T 2 = / E T

min [max{mT ( ! p T1,
! q T1),  mT ( ! p T 2,

! q T 2)}]

-.
/

!-.

µ

!

-
/.

!"



:Z !̂

•  S=<+!$%*?4%!:Z^!#8!,!;*+8$-,#+<I!*O8<-=,OC<2!
89CC!#$!#8!=<->!G*M<-J?C(!



ZM*!#HG*-$,+$!G-*G<-9<8!*J!!
D-#4#+,C!:Z^!

•  g)Vh)i!8$-?;$?-<!*J!:Z^!
•  gK**8$iR#+=,-#,+;<!*J!:Z^!,$!$%<!$-?<!8G<;$-?H(!



ZM*!#HG*-$,+$!G-*G<-9<8!*J!!
D-#4#+,C!:Z^!

•  g)Vh)i!8$-?;$?-<!*J!:Z^!
•  gK**8$iR#+=,-#,+;<!*J!:Z^!,$!$%<!$-?<!8G<;$-?H(!

V5W!!
K?-+82!)*+42!):2!',-@!^FFj!



W<=#8#+4!*J!:Z !̂

•  k!6N32!$%<-<!#8!G-*OC<H!;,CC<I!!
gP<$!;*HO#+,$*-#;8i!#+;C?I#+4!V5W\05W!

•  Z%?8!$%<!,+,C>8#8!?8#+4!c<$8!#8!;%,CC<+4#+4(!
•  N*M!,O*?$!?8#+4!+*+Rc<$!8#4+,C!l!!

0.

0.

!
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-

-

1234540/6.78).

If we can measure missing  
particles’ mass, then we can  
Handle  this information to Smin 



•  "<!;,+!?8<!8?O8>8$<H!:Z^!H*-<!M#8<C>(!

•  VJ!M<!I<;*HG*8<!$-,+8=<-8<!I#-<;9*+!#+$*!
G<-G<+I#;?C,-!,+I!G,-,CC<C!$*!'Z!.c<$81!
I#-<;9*+!

A<;*HG*8<!$%<!:Z !̂



A<;*HG*8<!$%<!:Z !̂
Decompose the visible section along the UTM direction 

 1. We can get information purely independent of PT 
     ( For example : lepton sector. ) 

 2. We can get information depend on PT 



6<$b8!;*?+$!f!

Let’s count events whose MT2 is larger than 
MT2perp ! 

V.S. 



3*CC#I<-!5$?I>!

•  3:5!6:]!8$?I>!G*#+$!

&!%,-I!;?$&!$*!-<H*=<!5:!O,;@4-*?+I8&!
!!!ZM*!#8*C,$<I!C<G$*+8!M#$%!GZ!e!EF!X<m2!,$!C<,8$!$%-<<!c<$8!M#$%!GZe.E_n2!EaF2!nn1X<m2!
!!!:SZe^FFX<m!,+I!,!=<$*!*+!$,?!c<$8(!



3*CC#I<-!5$?I>!

•  S=<+!$%*?4%!$%<!:Z^!)Vh)!8$-?;$?-<!#8!+*$!8*!
;C<,-!!



3*CC#I<-!5$?I>!

•  "<!;,+!,GGC>!*?-!H<$%*I!$*!H<,8?-<!H,88!
8G<;$-?H!



3*CC#I<-!5$?I>!

•  "<!;,+!,GGC>!*?-!H<$%*I!$*!H<,8?-<!H,88!
8G<;$-?H!



W<C,9*+8%#G!O<$M<<+!5H#+!,+I!:Zh!

9:;40"!$;04.:;.<=":>2?/>.@7:0A/"4BC.=!"D?E/4..F.

D+<!G,-9;C<!G-*I?;<I!
.<L,HGC<!&!N#448!-<8*+,+;<1!!

hR+?HO<-!*J!H*$%<-!G,-9;C<8!,-<!G-*I?;<I!
,+I!$%<>!,-<!$%<!8,H<!G,-9;C<8!

oS5!
hD!

3,+!M<!8<C<;$!.8<G,-,$<1!8#4+,C8!J-*H!4#=<+!<=<+$8!l!

!!l!
hD! oS5!

7$44$;G..=!"D?E/4.!"/.0A/.4!6/.F.

oS5!

hD!



X<+<-,C#Y<!:Z^!$%-*?4%!5H#+!

hD!

7$44$;G..=!"D?E/4.!"/.0A/.4!6/.F.

9:;40"!$;04.:;.<=":>2?/>.@7:0A/"4BC.=!"D?E/4.0:.3/.0A/.<1H7IC..

W<U?#-<!



X<+<-,C#Y<I!:Z^!

D+<!I#H<+8#*+,C!-<C,9*+8%#G!!
O<$M<<+!:E!,+I!:F!!

ZM*!I#H<+8#*+,C!-<C,9*+8%#G!!
O<$M<<+!:E!,+I!:,

F!2!:O
F!!



EA!I<;*HG*8#9*+!$*!!
X<+<-,C#Y<I!:Z^!

•  /8#+4!:Z^RG<-G<+I#;?C,-2!M<!;,+!%,=<!&!
:,88!8G<;$-?H!&!!
!!!!!!!!!!.:E2!:,

F!2!:O
F!1!p!.aFF2EFF2EFF1!X<m! .:E2!:,

F!2!:O
F!1!p!.]FF2nFF2^nF1!X<m!



5/::7Wo!

•  S=<+!$%*?4%!$%<-<!,-<!I#B;?C9<8!#+!6N3!
.N,-I-*+!;*CC#I<-1!<LG<-#H<+$82!?8#+4!$%<!
I<;*HG*8#9*+RH<$%*I82!M<!;,+!%,=<!
;*+$-*CC<I!#+J*-H,9*+!*J!H,88!8;,C<(!

•  5H#+!;,+!I<$<-H#+<!H,88!8G<;$-?H!M#$%*?$!,+>!
,88?HG9*+!O<;*H#+4!!$%<!H*8$!4<+<-,C!$**C!J*-!
6N3!


